The work of earlier investigators, Govaerts (1), Barath (2), Cope (3), Peters et al. (4) and Kylin (5) has given the impression that the colloid osmotic pressure is not only lowered with decrease in serum protein but its specific pressure (pressure per unit of protein) is also diminished. The lowering of specific pressure has usually been related to a greater decrease in the albumin fraction of the proteins than that of the globulin, so that the A: G ratio becomes reduced or inverted. However, in all of these reports, the pressure readings were taken at the end of twentyfour hours or longer, and probably do not represent the highest point on the pressure curve. Wells et al. (6) have recently discussed the validity of determining the colloid osmotic pressure by a rapid method devised by them. They also presented data on hypoproteinemic sera which gave low specific pressures, and referred to the fact that the pressure in many cases after rising to some extent began to fall within a few hours. 
Municipal Hospitals, Rochester, New York) (Received for publication July 8, 1935) The work of earlier investigators, Govaerts (1), Barath (2), Cope (3), Peters et al. (4) and Kylin (5) has given the impression that the colloid osmotic pressure is not only lowered with decrease in serum protein but its specific pressure (pressure per unit of protein) is also diminished. The lowering of specific pressure has usually been related to a greater decrease in the albumin fraction of the proteins than that of the globulin, so that the A: G ratio becomes reduced or inverted. However, in all of these reports, the pressure readings were taken at the end of twentyfour hours or longer, and probably do not represent the highest point on the pressure curve. Wells et al. (6) have recently discussed the validity of determining the colloid osmotic pressure by a rapid method devised by them. They also presented data on hypoproteinemic sera which gave low specific pressures, and referred to the fact that the pressure in many cases after rising to some extent began to fall within a few hours.
They attempt to explain this by putrefactive change or molecular aggregation of serum protein (6, 7) . In the method reported here the possibility of contamination of the serum with bacteria has been excluded. Measurement of the colloid osmotic pressure of the serum proteins of nephrotic patients has revealed a decrease in the stability of the pressure readings in those instances where the concentration of proteins approached the edema level. In most of the cases the maximum pressure was obtained in three to five hours, and thereafter began to fall gradually. This was in marked contrast to the prolonged plateau of nearly constant pressure observed when the concentration of protein was normal.
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the maximum pressure and the content of total protein, there was little evidence of correlation between the ratio of albumin: globulin and the maximum pressure. The data show that the pressure per gram of protein may actually be somewhat greater when the serum proteins are low than when their concentration falls within the normal range.
METHOD
Blood was taken with the least possible stasis from the antecubital vein, while the patient was recumbent in bed. Precautions were observed to insure sterility of the serum during collection of the blood and during the subsequent centrifugation and separation of the serum from the clot.
The specific gravity of the serum was determined by Hammerschlag's method (8) , the refractive index by Abbe's refractometer at constant room temperature of 230 C. The total content of protein, albumin and globulin were determined by Howe's method using 1 cc. of serum for each sample (9) . The determination of colloid osmotic pressure was carried out with the apparatus devised by Fellows (10) , similar in principle to that of Verney (11) . The osmometer has the advantage that the osmotic pressure can be followed at any desired interval of time. Some modifications were made on the instrument itself, the stopcock being removed from its original position to the upper end of the graduated portion of the capillary tube, and the hole on the side of the osmometer tube being omitted in order to minimize the danger of any leakage of serum.
As the dialyzing agent a modified Ringer's solution consisting of 0.8 per cent sodium chloride and 0.042 per cent potassium chloride was used. The osmometer was inclosed in a large glass tube for sterilization, and autoclaved for 15 to 20 Figures LA and B) .
Inspection of Figure 1 shows that the pressure usually reaches a maximum within five or six hours, in eight hours at the most, and that it is maintained at this level over a period of twentyfour hours. These curves may be regarded as showing normal stability of colloid osmotic pressure of serum protein.
Chtanges of stability of pressure in cases of low serum protein When the content of serum protein was lowered considerably the stability of the colloid osmotic pressure was found to be markedly reduced. Curves obtained from such sera are shown in Figure 2 . The relation of reduced stability of pressure to lowered protein content was confirmed in forty determinations, all of which gave the same types of curves varying one from another only in degree of declivity. The pressure began to fall gradually as soon as its maximum height was attained, and the rate of falling seems to have been quite constant in its whole course. The height of the maximal point depended upon the total concentration of serum protein, and in cases of like protein content it was little affected by greater albumin: globulin ratios (Table III) .
The time at which the pressure began to fall and the rate of its fall seemed to depend on the total protein content but may also have had some relationship to the albumin: globulin ratio. In general, the higher the content of protein, the longer the period of time before the pressure began to decrease and the more slowly it fell. This relationship is shown in Figure 2B, Figure 3 . In these charts the average pressure from duplicate determinations made at the peak of the curve has been plotted as the ordinate, and the time at which the pressure began to fall has been taken as the abscissa. Figure 3A gives data from a case of chronic hemorrhagic nephritis in the nephrotic stage Figure 3C , the characteristic features being low A: G ratios and decreased stability.
Other data obtained from several patients with lower serum protein which have not been included in Table I or the figures will be found in Table II . As attention has already been directed to the fact that it is difficult to decide what may be the true osmotic pressure in such cases of reduced stability, two values are given, one obtained at the peak of the curve and the other at the end of twenty-four hours. The differences between the respective, total and specific pressures at these two intervals of time are frequently quite striking. Again, if one considers only the maximum pressure the specific pressure approaches the normal value. Low total proteins when combined with low A: G ratios seem to have been associated with the lowest pressure readings at the end of 24 hours.
Since the types of cases thus far considered include beside various nephropathies, cases of heart disease, lymphatic leukemia and carcinomatosis it seemed probable that hypoproteinemia itself rather than some specific constituent of the nephrotic serum was responsible for the lack of stability of the colloid osmotic pressure. Some experimental data in support of this hypothesis have been obtained. The effect of dilution of normal serum upon the stability of colloid osmotic pressure of serum protein Govaerts (1) assumed the cause of low osmotic pressure in nephrotic patients to be due to the dilution of the blood and the fall of the specific pressure of serum proteins. Verney (11) reported that artificial dilution of serum will cause a marked fall of specific pressure of serum protein. Kylin (5) recently found that the osmotic pressure of albumin or globulin per gram per 100 cc. of water differed according to the concentration of the solution used in the determination of the pressure. When dilute solutions of these protein fractions were used, the specific pressure was far less than with higher concentration. Gronwall (16) also reported a similar relation between the specific pressure and the concentration of the serum protein.
Various dilutions of normal dog serum were prepared by the addition of 0.9 per cent saline at pH 6 method of estimating concentration of protein gives a somewhat higher value than the Kjeldahl method it was found sufficiently accurate for comparative purposes.
Since similar results were obtained whenever normal serum was diluted in the manner described, the discussion has been limited to a typical case. In Figure 4A , Curve 1 shows the behavior of the colloid osmotic pressure of the undiluted serums while Curves 2 and 3 show the pressures obtained after sufficient saline had been added to reduce the concentration of protein to 4.48 and 3.45 per cent respectively. The pressure of the diluted serum had a distinct tendency to fall after about seven hours, the sample with 3.45 per cent of protein falling more rapidly than the less dilute sample. The undiluted serum on the other hand maintained a constant pressure from the sixth to the twenty-fourth hour. The specific pressure of the normal serum was 54.5 millimeters of water, those of the diluted sera 47.5 and 43.5 millimeters respectively when computed at the end of twenty-four hours. However, the specific pressures, computed on the basis of maximum pressure, proved to be the same in all three samples.
Experiments were also performed, using sterile ultrafiltrate3 from serum as the diluting agent. No difference was noted in the behavior of serum diluted with ultrafiltrate and that diluted with saline. The curves obtained were similar in all respects to those shown in Figure 4A .
Serum which had been diluted sufficiently to reduce its concentration of protein to about three or three and a half per cent frequently gave a higher specific pressure (computed from the maximum pressure) than did the undiluted serum. This tendency for lower concentration of protein to yield high specific pressures was found to hold also for abnormal sera having protein contents within the same general range (Table   III) .
Change of stability of osmotic pressure produced by concentration of hypoproteinemic serum Serum from patients with hypoproteinemia was concentrated aseptically by ultrafiltration, and its colloid osmotic pressure compared with the original serum. Five experiments using samples from different patients gave similar results. The data from a single experiment are presented in Figure  4B . Curve 1 represents the original serum containing 4.3 per cent of protein, Curve 2 that of the serum condensed to protein concentration of 5.4 per cent, and Curve 3 that condensed to a concentration of 6.22 per cent. It will be noted that the original serum had a relatively marked reduction in the stability of the osmotic pressure while the serum condensed to 5.4 per cent had improved in its stability. Further concentration to 6.22 per cent produced a curve of normal stability. When one compares the specific pressures of these three samples, using the maximum pressure as the point of reference they are found to be almost equal to each other, namely, 50. The falling of the pressure which was regularly observed in hypoproteinemic sera seems to have been due to an unknown change in the protein occurring several hours after it had been placed in the osmometer. It is probable that a similar change does not occur in the body. It seems remarkable, however, that concentration of the protein was sufficient to abolish lability of pressure in such hypoproteinemic sera. Other factors, such as alteration in pH of the serum during the period of equilibration, require further investigation in this connection.
It is evident that measurement of the colloid osmotic pressure at the end of twenty or twentyfour hours gives only an approximate idea of the total pressures which hypoproteinemic sera are capable of developing. In general, the lower the concentration of protein the less representative will be the twenty-four readings. A: G ratios appear to have had little or no effect upon the development of maximum pressures. On the other hand, ratios below one seem to have been more frequently associated with low pressures at the end of twenty-four hours than higher ratios. However, the number of pathological sera which were observed during the full twenty-four hour period were too few to permit correct interpretation of this finding.
SUM MARY 1. The colloid osmotic pressure of serum protein has been determined by a type of osmometer which permits observations of the pressure to be made at any desired interval of time, and which insures sterility of the serum.
2. Once the colloid osmotic pressure of serum having a normal concentration of protein was developed it was found to remain constant for sixteen to eighteen hours.
3. The colloid osmotic pressures of pathological sera with low concentrations of protein were found to be unstable. After rising to a maximum during the course of three to five hours the pressure began to fall gradually.
4. The reduced stability of the colloid osmotic pressure of hypoproteinemic sera was reproduced experimentally by dilution of normal serum with physiological saline or with the ultrafiltrate from normal serum.
5. Concentration of the proteins of hypoproteinemic sera to 6 per cent or above by ultrafiltration resulted in a colloid osmotic pressure curve indistinguishable from that of normal serum.
